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Abstract. We retrospectively reviewed a 10-year experience of administration of cotrimoxazole alone in 31 patients
compared with 109 patients who received conventional eradication therapy (cotrimoxazole plus doxycycline). The
baseline characteristics, the clinical manifestations, the initial intravenous antibiotic treatments, and the mean duration
of eradication therapy between the two groups were similar. The culture-confirmed recurrences among the patients
who received cotrimoxazole alone and those who received the conventional regimen were not significantly different
(1/31 [3.2%] versus 5/109 [4.5% odds ratio = 0.69 [95% confidence interval [CI] = 0.08–6.17]). Gastrointestinal side
effects were more common among the conventional regimen group (28/109 [25.7%] versus 2/31 [6.5%], P = 0.02) and
the proportion of patients who could complete at least 20 weeks of therapy without having switched to the other
regimen was significantly lower (91/109 [83.5%] versus 31/31 [100.0%] P = 0.01). Cotrimoxazole alone is as effective
as and better tolerated than cotrimoxazole plus doxycycline for the eradication treatment of melioidosis.

INTRODUCTION

Melioidosis is a Burkholderia pseudomallei bacterial infec-
tion endemic to northern Australia and Southeast Asia. A
mortality rate as high as 43% was reported from northeast
Thailand where it constitutes the third most common cause
of death from infectious diseases, after human immuno-
deficiency virus (HIV) and tuberculosis.1,2 Of those patients
who survived, 13–23% had disease recurrences with a further
15–20% fatality.3–5 The ability of B. pseudomallei to survive
in phagocytes and to produce glycocalyx are thought to be the
major reasons for the recurrence.6,7 Prolonged oral therapy
is required to control the infection and has been identified
as the major determinant factor associated with reduction of
this risk.3 The current recommendation for eradication treat-
ment of melioidosis is a three-drug regimen that includes oral
cotrimoxazole (trimethoprim/sulfamethoxazole, TMP/SMX)
and doxycycline for at least 12–20 weeks.3,8 Despite this treat-
ment, culture-confirmed recurrences still occurred in ~6% of
patients at 1-year follow-up.8 The efficacy of cotrimoxazole
plus doxycycline was questioned after an in vitro study indi-
cated that doxycycline antagonized the antibacterial activity of
trimethoprim and sulfamethoxazole against B. pseudomallei.9

Furthermore, 19% of the patients had to switch treatment
because of adverse drug events from the three drugs.8 Because
poor adherence to treatment are associated with recurrence of
the disease,5 other less toxic, alternative eradication regimens
including amoxicillin-clavulanate with supplemental amoxicil-
lin, quinolonemonotherapy, and a combination of azithromycin
and ciprofloxacin, have been tried.10–12 However, all these reg-
imenswere associatedwith recurrence rates exceeding 15%and
another simple but more effective regimen is needed.10–12

Cotrimoxazole alone had been successfully used to treat an
acute form of melioidosis in the Philippines and is used for
eradication therapy in Australia.5,13 However, there are no
published studies that have compared the effectiveness and
side-effect profile of cotrimoxazole monotherapy with that of

the co-trimoxazole plus doxycycline for the eradication treat-
ment of this condition. In this report, we present such a study.

MATERIALS AND METHODS

The study was conducted at Songklanagarind Hospital, an
800-bed tertiary care university hospital in southern Thailand.
All patients who had melioidosis confirmed by culture from
January 2000 through December 2009 were retrospectively
reviewed. At our institution, treatment usually consisted of an
intensive phase (at least 10 days) of intravenous antibiotics,
mostly ceftazidime or, in some critically ill patients, imipenem
or meropenem. This was then followed by an eradication phase
with oral conventional regimen treatment of cotrimoxazole
(8 mg of trimethoprim and 40 mg of sulfamethoxazole/kg/d;
usual dosage, 160/800 mg. twice daily, plus doxycycline (4 mg/
kg/d; usual dosage, 100 mg twice daily,) for at least 20 weeks.
Patients were prescribed with cotrimoxazole alone if they were
children < 8 years of age, were pregnant or lactating, or had
known allergies to tetracycline drugs. “Alternative” eradica-
tion regimens including amoxicillin-clavulanate (co-amoxiclav)
monotherapy, or a combination of azithromycin and cipro-
floxacin were used in cases of known cotrimoxazole drug
allergy, or in cases infected with a strain of B. pseudomallei
resistant to TMP-SMX by an E-test strip. Patients were fol-
lowed up every 4 to 6 weeks until oral treatment were com-
pleted, and every 3–4 months thereafter for at least 1 year
from the beginning of eradication therapy.
In this study, we retrospectively reviewed the treatment

record of all patients with melioidosis who survived to dis-
charge from the hospital. We compared two groups of patients:
the cotrimoxazole monotherapy group, which consisted of
patients who received eradication therapy with cotrimoxazole
alone, and the conventional regimen group that received
cotrimoxazole plus doxycycline. We specifically compared the
clinical presentations and the outcomes, which include the dis-
ease recurrence and mortality, drug adverse events, and treat-
ment intolerance requiring a change in therapy. Follow-up
data to October 2011 were included in this study. Melioidosis
was classified as bacteremic (a positive blood culture result),
disseminated (two or more organs involvement), and localized
(single focus of infection). The duration of eradication therapy
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of each patient was measured from the date of starting until
discontinuation of oral treatment. Mortality was analyzed as
attributable to melioidosis or to other causes. Disease recur-
rence was reported as both a microbiological-confirmed recur-
rence and a “clinical recurrence.” Microbiological-confirmed
recurrent melioidosis was defined as the development of new
symptoms and signs of infection in association with a culture
positive for B. pseudomallei.Clinical recurrence was defined as
having new clinical features compatible with melioidosis that
was treated with antibiotics active against B. pseudomallei but
was culture negative. Time to recurrence and/or death was
measured from the start of oral eradication therapy.
Statistical analysis was performed with Stata 12 (College Sta-

tion, TX). All analyses were done on an intention-to-treat basis
and then repeated “per protocol.” In the “per-protocol” ana-
lyses, patients who switched treatment to the other study group
were reallocated according to the final treatment they received.
For comparisons of proportions, Fisher’s exact test was used.
Continuous data not conforming to a normal distribution were
compared bymeans of theMannWhitneyU test. Time to recur-
rence and/or death were compared using the log-rank test and
were depicted graphically using a Kaplan-Meier graph. Statisti-
cal differences were considered significant at the 0.05 level.
This study was approved by the Research Ethics Commit-

tee of the Faculty of Medicine of Prince of Songkla University

RESULTS

Patients and treatment. Between January 2000 and Decem-
ber 2009, a total of 186 patients presented to Songklanagarind
Hospital with a first episode of culture-confirmed melioidosis.

Twenty-six (13.9%) died during hospitalization. Of those who
survived to discharge, three were referred for follow-up in
other hospitals. These cases and those who died in the hospi-
tal were excluded from further study leaving 157 patients,
who attended the follow up clinic at least once, eligible for
analysis (Figure 1). Fourteen patients had history of allergy
to sulfonamide drugs and three were infected with a strain
of B. pseudomallei resistant to TMP-SMX. These seven-
teen patients received an “alternative” eradication treatment
regimen, including ciprofloxacin plus azithromycin (N = 9), or
amoxicillin/clavulanic acid with additional amoxicillin (N = 8).
Of the remaining 140 patients, 109 (69.4%) received oral
eradication treatment with cotrimoxazole plus doxycycline
(conventional regimen group), whereas cotrimoxazole alone
was prescribed in 31 patients who had a history of doxycycline
or tetracycline allergy (cotrimoxazole monotherapy group).
Baseline characteristics. Patients in the two groups were

similar in terms of age, gender, and underlying disease
(Table 1). Their age ranged from 6 months to 89 years of age
(mean, 45 years; median, 45.4 years). Seven (5%) patients
were children < 15 years of age who were similarly distrib-
uted in the two groups (5/109 versus 2/31 P = 0.30). The
severity of melioidosis in terms of proportion of bacteremia
and disseminated organ involvement were also comparable
(31/109 versus.10/31 P = 0.159 and 41/109 versus.13/31 P =
0.149, respectively) (Table 1). Most (86.4%) of the patients
had been similarly treated with intravenous ceftazidime
during the initial intensive phase before beginning the oral
eradication drugs.
Follow-up. The median duration of follow-up of patients

without recurrence was 70 weeks (range, 53–309 weeks) in

Figure 1. Flow chart illustrating patients included at each stage of the study.
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the oral conventional regimen group compared with 73 weeks
(range, 53–300 weeks) in the cotrimoxazole monotherapy
group (P = 0.68) (Table 2).
Duration of treatment. Eradication treatment durations are

shown in Table 2. The proportion of patients who could com-
plete at least 20 weeks of therapy without having switched to
the other regimen was significantly lower in the conventional
regimen group (91/109 [83.5%] versus 31/31 [100%] P = 0.01).
The total duration of eradication treatment in the conven-
tional regimen group, (including the duration of subsequent
switched regimen) was similar to those of cotrimoxazole
monotherapy group (median, 29 versus 32 weeks; P = 0.92)
(Table 2).
Adverse drug reactions and switched treatment. A higher

proportion of patients reported gastrointestinal adverse drug
events in the conventional regimen group (28/109 [25.7%]
versus 2/31 [6%] P = 0.02), whereas allergic phenomena were
similar (Table 2). Doxycycline-associated gastrointestinal
intolerance led to cessation of the eradication therapy in
3 (2.8%) patients at 8, 8, and 10 weeks, respectively. In addi-
tion, 14 patients (12.8%) were switched to oral cotrimoxazole

alone within the first 3 weeks because of these side effects.
None of the patients in the cotrimoxazole monotherapy group
changed treatment (14/109 versus 0/31 P = 0.02).
Recurrences. Of the 140 patients studied, 6 (4.3%) had

documented culture-proven recurrences of melioidosis. All
the recurrent B. pseudomallei isolates were still susceptible
to ceftazidime, cotrimoxazole, and tetracycline. Three (2.6%)
patients had culture-negative clinical recurrences characterized
by reappearances of ceftazidime-responsive hepatosplenic
abscesses, at 175, 180, and 140 days after having completed
a 20-week course of the conventional treatment (two patients)
and cotrimoxazole monotherapy (one patient), respectively. All
of themhad imaging studies that are characteristic formelioidosis
(target or cartwheel lesions or Swiss cheese appearance).
There was no significant difference between the two treat-

ment groups with regard to the number of patients experienc-
ing culture-confirmed recurrences in the “intention-to-treat”
analysis (5 [4.5%] of 109 patients in the conventional regimen
group versus 1 [3.2%] of 31 in the cotrimoxazole mono-
therapy group, odds ratio [OR] = 0.69 [95% confidence inter-
val [CI] = 0.08–6.17]) (Table 2). None of the 14 patients in

Table 1

Characteristic of patients

Characteristics Conventional regimen group Cotrimoxazole group P

No. of patients 109 31 –

No. of males 88 (80.7%) 21 (67.7%) 0.06
Median age, yrs (range) 45.1 (5–89 yr) 45.4 (6 mo–89 yr) 0.95
Underlying disease
None 30 (27.5%) 8 (25.8%) 0.85
Diabetes mellitus 49 (45.0%) 13 (41.9%) 0.77
Chronic renal failure 24 (22.0%) 9 (29.0%) 0.42
Hemoglobinopathy 10 (9.2%) 6 (19.4%) 0.12
No. with high-risk occupations for melioidosis 38 (34.9%) 12 (38.7%) 0.69

Initial manifestations
Disseminated 31 (28.4%) 10 (32.3%) 0.16
Bacteremic 41 (37.6%) 13 (41.9%) 0.15
Localized 38 (34.9%) 13 (41.9%) 0.47
Pneumonia 19 (17.4%) 8 (25.8%) 0.30
Liver/splenic abscess 21 (19.3%) 8 (25.8%) 0.43
Genitourinary infection 12 (11.0%) 4 (12.9%) 0.76
Septic arthritis 19 (17.4%) 6 (19.4%) 0.81

Intensive treatment
No. received ceftazidime intensive treatment (%) 94 (86.2%) 27 (87.1%) 1.00
Median duration (days) of intensive therapy (range) 14 (9–30) 14 (10–28) 0.22

Table 2

Eradication therapy, adverse drug reactions, and outcomes of patients

Treatment/outcomes Conventional regimen group (109) Cotrimoxazole group (31) Odds ratio (95% CI) P

Median duration (weeks) of follow-up
of patients without recurrences (range)

70 (53–309) 73 (53–300) – 0.68

Eradication therapy
Median duration (weeks) (range) 29 (8–52) 32 (12–52) – 0.92
Proportion of patients receiving treatment

³ 20 weeks without treatment switching.
91(83.4%) 31 (100%) – 0.01

Adverse drug reactions
No. developed gastrointestinal side effects (%) 28 (25.7%) 2 (6.5%) 0.20 (0.05–0.89) 0.02
Switched treatment 14 (12.8%) 0 – 0.02
Discontinued maintenance therapy 3 (2.8%) 0 – 1.00
Rash 9 (8.3%) 2 (6.5%) 0.77 (0.16–3.75) 1.00

Outcomes
Microbiologically confirmed recurrences 5 (4.6%) 1 (3.2%) 0.69 (0.08–6.17) 1.00
Clinical recurrences 2 (1.8%) 1 (3.2%) 1.78 (0.16–20.35) 0.53
Death 1 (0.9%) 0 (0.0%) – 1.00
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the conventional regimen group who switched treatment to
cotrimoxazole monotherapy developed recurrence. A second
analysis, in which these 14 patients were reallocated to the
cotrimoxazole monotherapy group (“per protocol” analysis)
also failed to show a significant difference in the recurrence
rates (5/95 versus 1/45 OR = 0.41 [95% CI = 0.05–3.61]). The
incidence of culture-negative, clinical recurrence was also
similar (Table 2).
Time to recurrence. The median time to recurrence was

45 weeks (range, 28–60 weeks). There was no significant
difference in time to culture-proven recurrence and/or death
between the two groups in the Kaplan-Meier plot (P = 0.75
by log-rank test) (Figure 2). One-third of the recurrences
occurred during the eradication phase, documented by pos-
itive B. pseudomallei cultures at 24 weeks of cotrimoxazole
monotherapy, and 28 and 32 weeks of the conventional treat-
ment, respectively. The other five patients suffered recurrences
at 140, 175, 190, 196, and 280 days, after completing a 20-week
course of eradication treatment, respectively. The incidence
of all (culture-proven and culture-negative) melioidosis recur-
rence after having completed at least 20 weeks of treatment
was 2 (6.4.%) of 31 in the cotrimoxazole monotherapy group
and 7 (7.4%) of 95 patients in the conventional regimen group
(excluding those switched to cotrimoxazole alone; OR = 0.87
[95% CI = 0.17–4.41]).
Mortality. All of the recurrences were characterized by

reappearance of fever with hepatosplenic abscesses. These
were responsive to retreatment with intravenous ceftazidime
in all, except one patient who recurred at 12 weeks, only
2 weeks after cessation of cotrimoxazole and doxycycline
caused by side effects of the drugs. He developed pneumonia
with liver and splenic abscesses and died of multiorgan failure.
The blood and sputum cultures were positive for ceftazidime-
sensitive B. pseudomallei.

DISCUSSION

The regimen and duration of eradication therapy for
melioidosis were the most important factors predicting recur-
rence.3,4 Earlier studies indicated that 13–23% of patients
with melioidosis had such a recurrence and as high as one-

fifth of these recurrences could be fatal.4,5 However, the
choice and duration of antibiotic treatment to prevent these
recurrences remains unsettled, as evidenced by several dif-
ferent regimen reported in the literatures during the last
two decades.5,8,10–12,14 The currently recommended eradica-

tion therapy with the combination of cotrimoxazole and doxy-
cycline, given for 12–20 weeks, has decreased the 1-year
recurrence rate of culture-proven melioidosis to ~6%.8 In
our study, the 5% recurrence rates in patients who had

received this combination regimen drugs is comparable to
that of the original clinical trial and the 3.2% culture-proven
recurrence rate in recipients of cotrimoxazole alone is quite
low. Our observational study is the first comparative report to

show that a treatment regimen of cotrimoxazole monotherapy
is not less efficacious than the traditional combination anti-
biotics. For the validity of the results, we have shown that
recipients of cotrimoxazole monotherapy were similar to

those treated with the conventional regimen in terms of
age, gender, underlying diseases, occupation, and other clini-
cal characteristics known to be associated with recurrence
risks.3,4 These include the proportion of bacteremia or multi-
focal distribution of the primary disease, the initial parenteral

treatment with ceftazidime, and the duration of the two oral
eradication regimens.3,4

Similar to the original clinical trial of the conventional reg-
imen,8 we have found that the conventional drugs are associ-
ated with a high rate of adverse events, leading to either
cessation of treatment or a change to oral cotrimoxazole

Figure 2. Kaplan-Meier plot analysis illustrating time to recurrence after start of eradication therapy for cotrimoxazole alone versus
cotrimoxazole plus doxycycline (Hazard ration 1.42; 95% confidence interval [CI] = 0.17–12.13, P = 0.750 by log rank test).
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monotherapy within the first 3–10 weeks. Because failure
to complete at least 12 weeks of therapy is associated with a
5.7-fold increase of recurrence or death, a premature discon-
tinuation of the eradication treatment predisposes the patient
to serious consequences.5,8 The only single mortality in our
study occurred in a patient who rapidly developed fatal recur-
rence after discontinuing the conventional drugs caused
by side effects at 10 weeks of treatment. None of the other
14 patients who switched treatment to cotrimoxazole mono-
therapy had recurrences. A non-comparative trial from
Australia reported that this monotherapy was associated with
low recurrence rate < 2%.5 In addition, cotrimoxazole alone
had been used in the eradication phase for four Thai children
with septicemia. None had recurrence of melioidosis after
34–79 months of follow-up.15

The treatment intolerance in the recipients of cotrimoxazole
plus doxycycline is most likely attributable to doxycycline as
the side effects in the cotrimoxazole alone group were mild and
none required a change in therapy. Furthermore, a previous
clinical trial of doxycycline alone for the eradication therapy
of melioidosis has documented a high rate of gastrointestinal
adverse effects.14 In that study, only half of the doxycycline
recipients could complete at least 12 weeks of therapy and
one-third of patients required a switch of treatment.14 The
recurrence rate was so high (25.6%) that the authors recom-
mended against using doxycycline alone for a first-line regimen
of oral eradication treatment of melioidosis.14 Low efficacy of
doxycycline was also observed in northern Australia with men-
tion of patients who continued to have positive cultures for
B. pseudomallei for more than 3 months despite continuing
eradication therapy with doxycycline.5,16 Acquired resistance
to doxycycline were found in post-treatment isolates that were
finally eradicated by cotrimoxazole.16 In our study, there
was, however, no development of drug resistance to either
cotrimoxazole or doxycycline in the recurrent isolates. Infrequent
acquired resistance was also observed in northeast Thailand
suggesting that development of resistance is not the main factor
accounting for the majority of recurrences in Thailand.14

There are speculations that doxycycline may antagonize the
antibacterial activity of cotrimoxazole againstB. pseudomallei.9

However, we are unable to show the clinical significance of this
in vitro interaction because the recurrence rates among our
patients who had received the conventional combination drugs
and those treatedwith cotrimoxazole alonewere similar. Recur-
rent melioidosis is associated with the ability ofB. pseudomallei
to invade, survive, and proliferate for prolonged periods within
the phagocytic cells.17 Untreated,B. pseudomallei can persist in
the body for up to 62 years.18 Current recommendations suggest
a minimum of 12–20 weeks duration of therapy but the optimal
total duration remains to be determined.3,8,10 In our patients,
one-third of recurrences occurred during prolonged treatment
beyond the 20th week.
Recently, there are concerns that the usual adult dosing

of cotrimoxazole (TMP/SMX, 160/800 mg twice daily) used
in Thailand may have been suboptimal accounting for the pre-
viously high recurrence rates.5,19 However, our recurrence
rate after cotrimoxazole monotherapy is comparable to that
reported fromAustralia where twice a dosage of cotrimoxazole
is used.5

There are limitations to our study. Because of the nature of
a retrospective study, other potential causal factors, which
may have influenced recurrence, such as the drug compliance,

was difficult to analyze. The adherence to therapy was not
formally assessed by pill counts or drug levels at our follow-
up clinic. However, the objective endpoint of culture-
confirmed recurrences in our study is quite low compared
with other studies.4,8,10,12,14 In addition, compliance with
follow-up was good. All of our patients had attended the
follow-up clinics for at least 1 year and most of them received
oral therapy for longer than 20 weeks. The total completed
duration of treatment in our patients was longer than those
achieved in previous studies.8,10,12,14 Because duration of stan-
dard oral treatment is inversely associated with risk of recur-
rence,3 these may account for the low rates of recurrence
in our patients. However, a clinically meaningful difference
between the recurrence rate among the patients receiving
cotrimoxazole plus doxycycline and cotrimoxazole mono-
therapy could not be excluded because of a small number of
patients in this study.
In our retrospective study, the B. pseudomallei isolates are

not available for genotypic study to determine whether the
recurrent strains are actually relapse or reinfected strains.
However, previous studies from Thailand and Australia have
demonstrated that the majority of recurrence melioidosis are
caused by recrudescence of the original infecting strain
(relapse).3–5,20 All of the recurrences in our patients had
developed within 1 year after the primary disease. This is
more compatible with relapse rather than reinfection.3

In conclusion, the addition of doxycycline to cotrimoxazole
therapy does not confer an additional therapeutic benefit over
cotrimoxazole monotherapy. Instead, the use of doxycycline
leads to more adverse effects and may predispose for drug
non-compliance, incomplete treatment, or fatal premature
termination of the eradication therapy.
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